In perturbative QCD approach, we investigate the B(B s ) → D (s) (D (s) ) T and D * (s) (D * (s) ) T decays, which include the Cabibbo-Kobayashi-Maskawa (CKM) favored decays and the CabibboKobayashi-Maskawa-suppressed decays, where T denotes a light tensor meson. From our calculation, we find that the nonfactorizable emission diagrams and the annihilation type diagrams are important, especially for those color suppressed channels. For those decays with a tensor meson emitted, the factorizable emission diagrams vanish owing to the fact that a tensor meson can not be produced through the local (V-A) or tensor current. The numerical results show that the predictions for the branching ratios of considered charmed B decays are in the range of 10 −4 to 10 −6 for those CKM-favored decays (governed by |V cb |) and in the range of 10 −5 to 10 −8 for those CKM-suppressed decays (governed by |V ub |). We also predict large transverse polarization contributions in many of the B(B s ) → D * (s) (D * (s) )T decay channels.
I. INTRODUCTION
In the recent years, several experimental measurements about B decay modes involving a light tensor meson (T) have been obtained [1] . These light tensor mesons include the isovector a 2 (1320), the isodoublet K * 2 (1430), and isosinglet f 2 (1270) and f ′ 2 (1525) [1] . For the tensor meson with J p = 2 + , both the orbital angular momentum L and the total spin S of the quark pair are equal to 1. However, their production property in B decays is quite similar to the light vector mesons [2] . These rare B decays have been studied in the naive factorization [3] [4] [5] [6] [7] . Due to the fact that 0 | j µ | T = 0, where j µ is the (V ± A) or (S ± P ) current [3, 4, 8, 9] , the factorizable amplitude with a tensor meson emitted vanishes. Therefore, the naive factorization approach for this kind of decays can not give the right prediction. The recent developed QCD factorization approach [8, 9] and the perturbative QCD factorization approach (PQCD) [10] overcome these shortcoming by including the large non-factorization contributions and the annihilation type contributions.
There is another category of B decays with a heavy D meson and a tensor meson in the final states, which are discussed in the factorization approach [11] [12] [13] [14] [15] [16] . These B decays include the Cabibbo-Kobayashi-Maskawa-(CKM-)favored B decays through b → c transition, and the CKM-suppressed B decays through b → u transition. There are only tree operator contributions, thus no CP asymmetry appears in the standard model for these decays. Again, the factorizable diagrams with a tensor meson emitted vanish in the naive factorization. To deal with the large non-factorizable contribution and annihilation type contribution, one has to go beyond the naive factorization.
Recently, three pure annihilation type decays
and B s →Da 2 are calculated in the perturbative QCD approach, which give sizable branching ratios [17] . In this work, we shall extend the study to all the charmed B(B s ) → D ( * ) (s) (D ( * ) (s) ) T decays in the PQCD approach, which is based on the k T factorization [18, 19] . We know that the light quark in B meson is soft, while it is collinear in the final state light meson, so a hard gluon is necessary to connect the spectator quark to the four quark operator. So the hard part of the PQCD approach contains six quarks rather than four quarks. This is called six-quark effective theory or six-quark operator. In the calculation of the factorizable diagrams and the annihilation type diagrams, endpoint singularity will appear to spoil the perturbative calculation. In the conventional collinear factorization, people usually parameterize these singularity, thus makes the theoretical prediction weak. In the PQCD approach, the quarks' intrinsic transverse momenta are kept to avoid the endpoint divergence. Because of the additional energy scale introduced by the transverse momentum, double logarithms will appear in the QCD radiative corrections. We resum these double logarithms to give a Sudakov factor, which effectively suppresses the end-point region contribution. This makes the PQCD approach more reliable and consistent. So in the perturbative QCD approach, one can not only give predictions for the decays with a tensor meson emitted but also calculate the pure annihilation type B decays [20, 21] .
In charmed B decays, there is one more intermediate energy scale, the heavy D meson mass. As a result, another expansion series of m D /m B will appear. The factorization is only approved at the leading of m D /m B expansion [22, 23] . It is also proved factorization in the soft collinear effective theory for this kind of decays [24] . Therefore, we will take only the leading order contribution into account, unless explicitly mentioned. This paper is organized as following. In Section II, we present the formalism and wave functions of the considered B meson decays. Then we perform the perturbative calculations for considered decay channels with the PQCD approach in Sec.III. The numerical results and phenomenological analysis are given in Sec.IV. Finally, Sec.V is a short summary.
II. FORMALISM AND WAVE FUNCTION
The B → DT decays are weak decays through charged currents. At the quark level, there are only tree operator contributions, and the related weak effective Hamiltonian H ef f [25] can be written as
where V ub and V cd(s) are CKM matrix elements. C 1,2 (µ) are the Wilson coefficients at the renormalization scale µ. O 1,2 (µ) are the four quark operators.
where α and β are the color indices, (
define the combined Wilson coefficients as
For the B →DT decays, the decay rates will be enhanced comparing with the corresponding B → DT decays by CKM matrix elements |V cb /V ub | 2 . At quark level, these decays are governed by the effective Hamiltonian
with
In hadronic B decay calculations, one has to deal with the hadronization of mesons. of the effective four-quark operators, which is obtained by using the renormalization group equation. The physics between M B and the factorization scale is included in the calculation of the hard part in the PQCD approach. The physics below the factorization scale is nonperturbative and described by the hadronic wave functions of mesons, which is universal for all decay modes. Therefore, the decay amplitude can be explicitly factorized into the convolution of the the Wilson coefficients, the hard scattering kernel and the light-cone wave functions of mesons characterized by different scales, respectively,
where b i is the conjugate variable of quark's transverse momentum k iT , x i is the momentum fractions of valence quarks, and t is the largest energy scale in the hard part H(x i , b i , t). C(t) are the Wilson coefficients with resummation of the large logarithms ln(m W /t) produced by the radiative corrections. S t (x i ) is the jet function, which is obtained by the threshold resummation and smears the end-point singularities on x i [26] .
The last term, e −S(t) , is the Sudakov form factor which suppresses the soft dynamics effectively and suppresses the long distance contributions in the large b region [27, 28] .
Thus it makes the perturbative calculation of the hard part H applicable at intermediate scale, i.e., m B scale.
In the PQCD approach, in order to calculate the decay amplitude, we should choose the proper wave functions for the initial and final state mesons. The initial B meson is a heavy pseudoscalar meson with two Lorentz structures in it's wave function. We have neglected the numerically-suppressed one in the PQCD approach [29] . The two rest structure (γ µ γ 5 ) and γ 5 components remain as leading contributions [2] . Then, Φ B can be written as
For the distribution amplitude, we choose [29, 30] 
where N B is the normalization constant. We will take ω B = (0.4 ± 0.04) GeV and f B = (0.21 ± 0.02) GeV for B meson [8, 9, 18, [29] [30] [31] . For the B s meson, because of the SU(3) breaking effects, we choose ω B = (0.5 ± 0.05) GeV [32] and f Bs = (0.24 ± 0.03) GeV.
For a tensor meson, the polarization tensor ǫ µν (λ) with helicity λ can be expanded through the polarization vectors ǫ µ (0) and ǫ µ (±1) [8, 9] 
In order to calculate conveniently, we define a new polarization vector ǫ T for the considered tensor meson [2] 
The new polarization vector ǫ T (λ) with helicity λ can be expressed as
In this convention, the ±2 polarizations do not contribute, which is consistent with the angular momentum conservation argument in B decays. The ǫ T is similar with the ǫ of vector state, regardless of the related constants [2] . This convention makes the following perturbative calculations simpler. After this simplification, the wave function for a generic tensor meson are defined by [2] 
with the form
It is obvious that all the above light-cone distribution amplitudes (LCDAs) of the tensor meson are antisymmetric under the interchange of momentum fractions of the quark and anti-quark in the SU(3) limit (i.e. x ↔ 1−x) [8, 9] . This is required by the Bose statistics, and consistent with the fact that < 0 | j µ | T > = 0, where j µ is the (V ± A) or (S ± P ) current.
For D ( * ) meson, in the heavy quark limit, the two-parton LCDAs can be written as [33] [34] [35] [36] 
For the distribution amplitude for D ( * ) meson, we take the same as that used in Refs.
[ [34] [35] [36] . 
III. PERTURBATIVE CALCULATION
In this section, we shall calculate the hard part H(t), which is decay channel dependent.
It includes the four quark operators and the necessary hard gluon connecting the four quark operator and the spectator quark [28] . We will express the whole amplitude for each diagram as the convolution of the hard kernal and wave functions. 
T (x i ) is the distribution amplitude of the tensor meson and C F = 4 3 is a color factor. The functions h ef , t a,b , S t and E ef can be found in Appendix A. 
For the factorizable annihilation type diagrams Fig.(1e) and (1f), the decay amplitudes involve only the final state meson wave functions, with the B meson factorized out,
For the non-factorizable annihilation diagrams 
The situation for B → D * (D * )T mode is a little more complicated. Both the longitudinal polarization and the transverse polarization contribute. Their decay amplitude can be given by
where A L is the longitudinally polarized decay amplitude and A is the vector used to construct the polarization tensors of the tensor meson.
For B → D * T decay mode, the longitudinally polarized expressions of factorizable and nonfactorizable emission contributions can be obtained by making the following substitutions in Eq. (18) and Eq. (19),
For annihilation type diagrams, the longitudinal decay amplitudes are
The transversely polarized contributions are suppressed by r D or r T , whose decay amplitudes can be given by 
The complete decay amplitudes of each B (s) → D (s) T channels are then 
From Eq.(A1), we know that
with θ = 7.8
• .
The diagrams forb →c decays are shown in Fig.2 and Fig.3 . The CKM favored decays are governed by the larger CKM matrix element V cb , then with a larger branching ratio.
Because a tensor meson can not be produced through the (V ± A) or tensor current, there are no factorizable emission diagrams with a tensor meson emitted in Fig.3 . We collect the decay amplitudes for eachb →c decays in Appendix B.
IV. NUMERICAL RESULTS AND DISCUSSIONS
The decay width of a B meson at rest decaying into D(D) and T is
where the momentum of the final state particle is given by For B → D * (D * )T decays, the decay width can be written as
where the three polarization amplitudes A i are given by
All the input parameters, such as decay constants, CKM elements are given in Appendix A, if not given in the previous two sections. The numerical results of branching is from the uncertainties of the CKM matrix elements. It is easy to see that the most important theoretical uncertainty is caused by the non-perturbative hadronic parameters, which can be improved by later experiments.
As we know that all these decays do not have contributions from the penguin operators.
There are only four types of topology diagrams: the color allowed diagrams (T), the color suppressed diagrams (C), the W annihilation diagrams (A) and the W exchange diagrams (E). All decays are thus classified in the tables according to their dominant contribution.
Compared with B → D ( * ) T decays, the B →D ( * ) T decays are enhanced by the CKM matrix elements |V cb /V ub | 2 , especially for those without a strange quark in the four-quark From table I to IV, one can see that for the color suppressed decay modes, the predicted branching ratios in the PQCD approach are larger than those of Ref. [14] and Ref. [15] . For B 0 →D 0 f 2 , our predicted branching ratio
, which is larger than other approaches, agrees better with the experimental data (12 ± 4) × 10 −5 [1] . In addition, the annihilation diagrams can also provide relatively sizable contributions. Our results show that the contributions from annihilation diagrams are even at the same order as the emission diagrams in some decay modes. Some of the pure annihilation type decays are already discussed in Ref. [17] with large branching ratios.
For those color allowed decay channels, the Wilson coefficient for factorizable contribution is a 1 = (C 1 /3 + C 2 ) ≃ 1, while for the nonfactorizable contribution is
The contribution of nonfactorizable diagrams is highly suppressed by the Wilson coefficient. The decay amplitude is dominated by the contribution from factorizable emission diagrams, which can be naively factorized as the product of the Wilson coefficient a 1 , the decay constant of D meson and the B to tensor meson form factor. In this case, our predicted branching ratios basically agree with the predictions of naive factorization approach in Ref. [14] . The small difference is caused by parameter changes and the interference from nonfactorizable and annihilation diagrams. For those decays with a tensor meson emitted, for example,
, since the factorizable emission diagrams are prohibited, the predictions can not be given within the naive factorization framework. But these decays can get contributions from nonfatorizable and annihilation type diagrams, which can be calculated in the PQCD approach. The branching ratios of these decays are 
This provides a potential way to measure the mixing angle of f 2 and f ′ 2 , for example, r ≃ 0.02 with θ = 7.8
For B → D * (D * )T decays, we also calculate the percentage of transverse polarizations
The numerical results shown in table II and IV are only indicative, because the transversely polarized contributions are suppressed by r T or r D * to make it more sensitive to meson wave function parameters and higher order corrections [34] . According to the power counting rules in the factorization assumption, the longitudinal polarization should be dominant due to the quark helicity analysis [39, 40] . This is true for those color favored decay channels, such as 
, with only 10-20% transverse polarization contributions.
V. SUMMARY
In this paper, we investigate the can be given by
The hard scales are determined by
Jet function appears in the factorization formulae is [26] 
where c = 0.5. For the nonfactorizable diagrams, we omit the S t (x), because it provides a very small numerical effect to the amplitude [46] .
The evolution factors E ef (t a ) and E ef (t b ) in the matrix elements (see section III) are
given by
The Sudakov exponents are defined as
where the s(Q, b) can be found in the Appendix A in the Ref. [19] . x T (D) is the momentum fraction of "(light) quark" in tensor (D) meson.
For the rest of diagrams, the related functions are summarized as follows:
with j = 1, 2 and H
with j = 1, 2.
For B →D ( * ) T decays:
The decay amplitudes of factorizable annihilation contributions (A af ) can be obtain by making the following substitutions in Eq.(20),
While for the non-factorizable annihilation contributions, the decay amplitude is
For those two nonfactorizable emission diagrams in Fig.3 , the decay amplitude is
For B →D * T decays, the expressions of the longitudinally polarized contributions of the emission diagrams can be obtained from those corresponding B →DT decays by substitution in Eq.23. For the annihilation type diagrams, the decay amplitudes are
The transversely polarized contributions are suppressed by r D or r T . For the factorizable emission diagrams, the expressions are the same as Eq. (26) and Eq. (27) . For the nonfactorizable emission diagrams, the decay amplitudes are 
With the functions obtained in the above, the amplitudes of all B →DT decay channels can be given by
